Foam accumulation in deep-pit manure storages is an increasing concern for swine producers because of the logistical and safety-related problems it creates. To investigate this phenomenon, samples of swine manure were collected over a 13-month period from 58 swine production facilities in Iowa with varying levels of foam accumulation. Samples were tested for a number of physical, chemical, and biological parameters including pH, total and volatile solids, volatile fatty acid concentration, long-chain free fatty acid concentration, biochemical methane potential, methane production rate, surface tension, foaming capacity, and foam stability. Statistical analysis indicated that manure collected from facilities with foam accumulation produced methane at significantly (p < 0.05) faster rates than non-foaming manures (0.148 Â±0.004 and 0.049 Â±0.003 L CH 4 L -1 slurry d -1 , respectively) and consequently had significantly (p < 0.05) greater fluxes of biogas moving through the manure. The biochemical methane production assay suggested that manure from foaming pits had less potential to generate methane (123 Â±9 mL CH 4 g -1 VS) than manure from non-foaming pits (150 Â±9 mL CH 4 g -1 VS), presumably because more of the methane potential had previously been consumed, as indicated by the higher methane production rates. Short-chain fatty acid concentrations were significantly lower in foaming manures (4200 Â±570 mg kg -1 ) than non-foaming manures (9470 Â±730 mg kg -1 ). The methane production rate, biochemical methane potential, and short-chain fatty acid assays suggest enhanced anaerobic digestion efficiency from foaming barns as compared to non-foaming barns. Other assays, such as surface tension and foaming capacity, indicated an accumulation of a surfactant at the manure-air interface of the foam, which may be capturing biogas bubbles generated within the manure. Most importantly, the foam layers exhibited a greatly enhanced ability to stabilize bubbles, which appeared to be correlated to the higher solids concentrations that stabilize the bubbles.
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n 2009, the emergence of spontaneously produced foam on deep-pit manure storages became a major concern for swine producers. If the foaming is severe, it can lead to increased frequency of manure removal (typically from one to two or more times per year) due to the reduced storage volume, and the major crop cycles used in the Midwestern U.S. make additional land applications (in off-seasons) challenging. There are also serious safety concerns with this issue. The foam captures the biogas produced by microbial activity in the manure slurry. Collapse or breakage of the foam can release significant quantities of the trapped gasses, leading to potentially hazardous concentrations of hydrogen sulfide or explosive concentrations of methane in the barn (Moody et al., 2009) . In general, foam observed in deep-pit storages is a dark-brown or gray, solidsrich, viscous fluid (Robert et al., 2011) with mid-sized bubbles entrained throughout ( fig. 1) . Davenport et al. (2008) characterized foam production in wastewaters as a three-phase system consisting of gas, liquid, and solid phases. In a manure system, the gas phase is biogas produced from the decomposition of organic materials. Methane and carbon dioxide are the major by-products of this breakdown, along with other trace gasses such as hydrogen sulfide, ammonia, and volatile organic compounds. Entrainment and accumulation of this biogas is thought to occur when surface-active agents (surfactants) are present in sufficient quantities to lower the surface tension and elasticize the surface (Glaser et al., 2007; Davenport et al., 2008) . Solids, in the form of hydrophobic substances, stabilize the foam by preventing liquid drainage from bubble lamella and slowing coarsening of the bubble structure (Bindal et al., 2002; Horozov, 2008; Heard et al., 2009) . The sustained presence of foam occurs only after all aspects of this threephase system are present within the appropriate range for both production and stabilization of foam. This framework was used to conceptualize foaming of deep-pit manure storages for this study. That is, the laboratory tests selected and performed on manure samples were chosen to evaluate these aspects, characterize the phases, and potentially identify the mechanism of foam accumulation in deep-pits.
We hypothesized that storages with existing foam accumulation would exhibit significantly different physical, chemical, and biogas production characteristics compared to non-foaming storages when evaluated using the three-phase approach. Specifically, the rate of biogas production, the concentration of critical substrates including short-chain and long-chain fatty acids, and the solids distribution within the deep-pit were evaluated. In addition, we used the lab-scale foaming capacity and stability test to determine if the necessary physical properties were present to allow foam generation and stabilization, and that non-foaming manures did not achieve sufficient gas production rates to cause foam.
MATERIALS AND METHODS
Manure samples were collected monthly from October 2012 to October 2013 from 58 commercial swine finishing facilities with deep-pit manure storages in central and eastern Iowa. These facilities varied in capacity, building footprint, ventilation scheme, manure removal scheme, and diet fed to the pigs. However, all sampled operations had a maximum capacity of approximately 1200 or 2400 market-size animals raised on completely slatted floors with a 2.4 m deep pit. The same location within the manure storage was used to collect samples at each site during the course of the study. Due to the nature of how these storages are managed (all were pumped each fall, and some were pumped again in the spring), samples were extracted from multiple depths to capture any stratification in the slurry as the manure depth increased. These sampling depths were defined as layers A through D (fig. 2 ). Layer A corresponded to the surface layer (foam or crust) if present, and layer B represented the interface between the surface layer and the manure slurry. If no foam or solids layer existed, then no layer A sample was collected, and layer B was collected from the exposed liquid surface. If the storage had 0.6 m (24 in.) or less manure depth, no additional samples were collected. At greater manure depths, layers C and D were collected. The layer C sample was collected at 0.6 m (24 in.) below the surface or at the midpoint between the layer B and D samples, whichever was deeper. The layer D sample was collected when the manure was at least 1.2 m (48 in.) deep; this sample was collected at 0.15 m (6 in.) from the bottom of the storage. Foam samples were collected by lowering a sampling bottle attached to a rigid pole and then vigorously skimming it through the foam. Layer B samples were collected by lowering the sample bottle until the liquid first began to flow into the bottle. Samples from layers C and D were collected by lowering a 25.4 mm diameter tube into the manure to the predetermined level based on the manure depth. The tube was attached to a sample bottle, and a vacuum pump was used to evacuate the headspace of the bottle to withdraw a sample from the manure. In all, 1698 samples were collected; of these, 805 were foaming samples and 893 were non-foaming samples. In terms of layers, there were 219 layer A samples of foam and 745, 536, and 198 samples of layers B, C, and D, respectively. Layer C and D samples could both represent the sludge layer depending on the depth of the manure. During each monthly sampling visit, the total manure depth, foam or crust depth, slurry temperature, and pH were measured. The depths were measured using a rigid sampling rod and tape measure. The temperature was measured with a digital temperature probe from a manure sample collected 0.15 m (6 in.) from the bottom of the pit. The pH was measured for each layer upon return to the laboratory, normally within one day of collection (EPA, 2004 ). Samples were then tested for other parameters including total and volatile solids, volatile fatty acid concentration, biochemical methane potential, methane production rate, surface tension, foaming capacity, and foam stability. The methods used for these tests are described in the following sections.
TOTAL SOLIDS AND VOLATILE SOLIDS
The total and volatile solids contents of manure samples were tested according to APHA Standards 2540B and 2540E (APHA, 2000 . Approximately 30 mL of well-mixed sample was poured into a pre-weighed porcelain crucible, and the mass was recorded. The sample was oven-dried at 104°C for 24 h, cooled in a desiccator, and weighed again for dry weight. The sample was subsequently heated in a muffle furnace at 550°C for 12 h, cooling in a desiccator, and weighed to determine the ash content. Total and volatile solids were reported as a percentage of original sample mass.
SHORT-CHAIN FATTY ACID ANALYSIS
The concentration of short-chain fatty acids (SCFAs) was determined on a subset of 404 manure samples using the modified procedure reported by Webber et al. (2010) . In brief, approximately 5 g of sample was added to a 15 mL centrifuge vial and centrifuged at 21,000 × g for 23 min at 4°C. The supernatant was removed and acidified to pH 2 to 2.5 using 100 μL of concentrated phosphoric acid. One mL was added to a 20 mL headspace vial salted with 0.3 g of NaCl and sealed.
Samples were loaded into a GC-FID (gas chromatographflame ionization detector) system (model 7980, Agilent Technologies, Inc., Santa Clara, Cal.) equipped with a robotic autosampler (MPS2A, Gerstel, Inc., Linthicum Hts., Md.) and HP-FFAP column (30 m × 0.25 mm × 0.25 μm, Agilent Technologies) using solid-phase microextraction (SPME) headspace analysis. The samples were heated for 15 min at 70°C and extracted after 5 min with SPME fiber (Carbowax/Divinylbenzene fiber, Supelco, Inc., Bellefonte, Pa.) prior to injection into the GC-FID system. The GC parameters were set as follows: splitless mode, inlet temperature of 230°C, inlet pressure of 169 kPa, septum purge flow of 30 mL min to the final temperature of 240°C, and 2 min hold time. All calibration standards were based on external calibration.
LONG-CHAIN FREE FATTY ACID ANALYSIS
Long-chain free fatty acids (LCFFAs) were extracted from a subset of 226 manure samples using a sorptive stir bar extraction technique with co-solvent. In brief, 1 g of manure sample was added to a 20 mL headspace vial containing 7 mL of phosphoric buffer water (pH 1.5) and mixed. This was followed by addition of 2 mL of acetone and mixing. A magnetic stir bar (Twister, Gerstel, Inc., Baltimore, Md.) was added and incubated on a heated (40°C) stir plate (Corning) set at 1 revolution s -1 for 2 h. Following incubation, the stir bars were removed, cleaned with HPLC-grade water, and dried. Prior to reuse, the stir bars were soaked in acetone, air dried, and conditioned at 300°C for 1 h under a gentle stream of nitrogen. Carryover between extraction on stir bars ranged from 0.1% to 2.2%.
The stir bars were analyzed by thermal desorption (TD) GS-MS analysis. In brief, the stir bars were thermally desorbed (TDU, Gerstel, Inc.) and analyzed on a GC-MS system (model 6890 GC with 5975N MSD, Agilent Technologies) equipped with a robotic autosampler (MPS2, Gerstel, Inc.), cooled inlet (CIS4, Gerstel, Inc.), and 30 m ZB-35 column (Phenomenex, Torrance, Cal.). Table 1 lists the temperature program of the TD-GC-MS system. Quantitation of target compounds was based on external calibration with reference standards. Table 2 lists the performance and validation of the method, and figure 3 shows example chromatograms of the reference standards and a manure sample.
The GC-MS was operated using SIM (selective ion monitoring) mode and scan mode. Scan mode was set for 40 to 550 amu with a solvent delay of 2 min, and SIM mode was set with the following time windows and ions for selected target compounds:
• Group 1: 2 to 4 min for 60, 129; 172 (decanoic acid).
• Group 2: 4 to 5 min for 60, 129; 186 (undecanoic acid).
• Group 3: 5 to 5.8 min for 60, 129; 200 (dodecanoic acid).
• Group 4: 5.8 to 6.3 min for 60, 129; 214 (tridecanoic acid).
• Group 5: 6.3 to 6.6 min for 60, 129; 185, 228 (tetradecanoic acid).
• Group 6: 6.6 to 7.1 min for 60, 129; 199, 242 (pentadecanoic acid).
• Group 7: 7.1 to 7.5 min for 60, 129; 213, 256 (hexadecanoic acid).
• Group 8: 7.5 to 8 min for 60, 129; 227, 270 (heptadecanoic acid).
• Group 9: 8.0 to 8.5 min for 60, 129; 241, 284 (octadecanoic acid).
• Group 10: 8.5 to 8.6 min for 60, 129; 298 (nonodecanoic acid).
• Group 11: 8.6 to 14 min for 60, 129; 314, 326, 340, 354, 368 (eicsanoic acid) .
BIOCHEMICAL METHANE POTENTIAL ASSAY
The biochemical methane potential (BMP) defines the anaerobic biodegradability of a given material (Owen et al., 1979) . Specifically, the BMP gives the total volume of methane that a substrate (in this case manure) is able to produce. In this study, the BMP was measured on a subset of 337 manure samples (no samples of layer A were used). The BMP procedure used to assess the samples collected for this study was as follows. First, 20 to 25 g of a sample were added to a 250 mL serum bottle (No. 223950, Wheaton Science Products, Milville, N.J.), and the exact mass was recorded. This mass of sample was selected based on an estimated 300 mL of CH 4 produced per gram of volatile solids added (Hashimoto, 1984; Burton and Turner, 2003; Vedrenne et al., 2008) . Next, 50 mL of inoculum was added from an active anaerobic digester maintained in the Manure Management Laboratory at Iowa State University. This amount was chosen to achieve an approximate 2:1 mass ratio of volatile solids from the manure to the inoculum, with the actual ratio varying slightly due to the volatile solids content of the manure samples. The solution was then diluted to approximately 150 mL with a mineral medium (Moody et al., 2011) that served as a source of trace chemicals that the microbes may need but added no additional carbon. Lastly, the serum bottle was sealed with a sleeve stopper septa (Sigma-Aldrich Z564729) and incubated at 35°C while constantly agitated.
The sample was periodically (every three days for the first two weeks and then weekly thereafter) checked for biogas production by inserting the needle of a gastight syringe (Micro-Mate interchangeable hypodermic syringe, 50 cc, lock tip, Popper and Sons, Inc., New Hyde Park, N.Y.) through the septa. Upon collection, the biogas from each sample was injected into a non-dispersive infrared methane analyzer (NDIR-CH 4 gas analyzer, University of Kiel, Kiel, Germany) to obtain the percentage of methane present.
METHANE PRODUCTION RATE ASSAY
The methane production rate (MPR) was measured for all samples collected, other than those from layer A (1479 samples). Layer A samples were not assayed because, although 1 L of layer A was collected, this would only result in 200 to 400 mL of liquid. We dedicated the layer A samples to chemical analysis and foaming capacity and stability testing, as we hypothesized that this fluid was more important in capturing and stabilizing the gas bubbles than in bubble production.
The MPR assay indicates the rate at which indigenous bacteria produce methane, which gives a measure of current methanogenic activity. While the MPR assay is similar to the BMP assay, it is unique in a number of ways. First, the test is conducted over a much shorter incubation time (approximately 3 d compared to over 40 d for the BMP assay) to ensure that the sample does not approach substrate-limiting conditions and that microbial conditions are similar to those in the pit at the time of sampling. In addition, the manure sample used for the MPR assay was not inoculated or diluted; rather, the ability of bacteria present in the sample (at the time of collection) to produce biogas and methane was evaluated. Finally, the sample was incubated at room temperature (23°C), rather than at 35°C, with no agitation. Keeping the sample stationary allowed us to record the amount of surface accumulation, foam or otherwise, that developed during the 3 d incubation period. [a] C14:0 = tetradecanoic acid, C15:0 = pentadecanoic acid, C16:0 = hexadecanoic acid, C17:0 = heptadecanoic acid, C18:0 = octadecanoic acid, C18:1 = (9Z)-Octadec-9-enoic acid, CV = coefficient of variation, ND = not detected, and NA = not applicable. The MPR procedure used 100 mL of well-mixed sample added to a 250 mL serum bottle (similar to that used for the BMP assay) and sealed with a sleeve stopper septa. The sample mass added to each bottle and time of sealing were recorded, and then the sample was incubated at approximately 23°C for 3 d. The incubation period was selected based on preliminary trials to achieve measurable quantities of biogas and methane. When the 3 d incubation period was over, the sample was checked for biogas production with a gastight syringe and analyzed for methane content using the NDIR-CH 4 gas analyzer. The methane production rate was calculated using equation 1 ), Meth% is the percentage of methane in the biogas (%),V biogas is the measured amount of gas extracted from the vial (mL), V headspace is the volume of the headspace in the incubation vessel (mL), ρ manure is the density of the manure (g mL -1
), M manure is the mass of manure added (g), I time is the length of the incubation (min), and 1440 is a conversion factor from minutes to days.
SURFACE TENSION
Surface tension quantifies the impact of surface-active agents present in solution and was measured on a subset of 129 samples. With respect to foaming systems, solutions with sufficient concentrations of surface-active agents effectively lower the surface tension by increasing surface activity, thus allowing foam production (Ganidi et al. 2009 ). However, if the surface tension is reduced too much, the foam bubbles will rupture due to the reduced strength of the bubble film. Unfortunately, no references exist on the best surface tensions to generate bubbles and foam, but it is generally accepted that lowering the surface tension of water is required to promote bubble formation.
The surface tension was measured for collected samples using a CSC Precision Ring Tensiometer (CSC Scientific Co., Fairfax, Va.). Prior to evaluation, the samples were brought to 23°C and agitated to homogenize the solids and surfactants before pouring into the sample tray. Following standard protocols for the instrument, the duNouy ring of the tensiometer was placed below the surface of the liquid, and the ring was slowly pulled upward through the surface of the liquid until it overcame the surface tension of the sample. The force needed to break the liquid interface was recorded and reported in N m -1 .
FOAMING CAPACITY AND STABILITY TESTING
The foaming capacity and stability apparatus used in this study was adapted from similar studies (Ross and Ellis, 1992; Bindal et al., 2002; Hutzler et al., 2011) . This test was selected to evaluate the foaminess, or foaming tendency, of the liquid as well as the stability of any foam generated. These tests specifically evaluated whether the manure had the proper physical characteristics to foam but lacked sufficient gas production to cause foaming in the field.
In brief, air was passed through an in-line gas regulator (model 21666, Restek, Bellefonte, Pa.) into a 5.1 cm diameter clear PVC column, and the airflow rate through the column was measured and controlled with a variable area flowmeter (RMA-SSV, Dwyer Instruments, Michigan City, Ind.). A sample volume of approximately 300 mL was poured into the column, and the initial level was recorded. The sample was then aerated through a cylindrical air stone at 0.2 L min -1 until a steady-state height of foam was reached or the foam layer reached the maximum height of the column (approximately 33 cm above the initial liquid level). The time of aeration was recorded along with the height of foam produced and the level of the foam-liquid interface. The foaming capacity was calculated as the height of foam produced divided by the initial manure level and multiplied by 100 (based on our apparatus, the maximum measurable foaming capacity was approximately 250). In this study, foaming capacity and stability were measured on 915 of the manure samples collected. Originally, samples from all four layers were tested; however, after several months, our focus shifted to layers A and B as these layers tended to be most interesting based on the initial results.
The foam stability measurement was performed immediately after the foaming capacity was determined. When aeration ceased, the height of foam became the initial level recorded at time zero. When this level was established, the descending height of the foam was recorded at expanding time intervals. Simultaneously, the ascending level of the foamliquid interface was recorded at the same time intervals. The descending height of foam was normalized to percentage of initial foam height and plotted as a function of time. A firstorder exponential decay model fit the data well in most cases and was used to estimate the half-life of the foam from the time constant, as shown in equation 2:
STATISTICAL ANALYSES An analysis of variance was performed using JMP Pro 10 (SAS Institute, Inc., Cary, N.C.). Fixed factors were established according to data collected on site, including the surface condition (foaming or non-foaming), the layer from which the manure was collected (A, B, C, or D) , and the interaction of surface condition and sampling layer. The month during which samples were collected was treated as a random factor. Statistical significance was taken at p-values less than α = 0.05.
RESULTS AND DISCUSSION
Results from the solids concentration test showed that the foam was rich in both total and volatile solids, and in general, foaming manure tended to have a slightly higher solids concentration than non-foaming manure (fig. 4) . However, no drastic difference in solids content was found between manure types. More interestingly, we found that foaming deep-pits had significantly lower SCFA concentrations (4009 μg g -1 ) than non-foaming deep-pits (8301 μg g -1 ), with SCFA concentrations being significantly higher in non-foaming manures than in foaming manures at every depth ( fig. 5 ). This result was supported by the pH measurements, which showed that foaming manure (pH = 7.68) was significantly (p < 0.01) more basic than non-foaming manure (7.51), potentially due to less acidity from the lower SCFA concentrations. Of the total SCFA concentration, acetic acid was the dominant component in all samples (52% of total). However, the ratio of acetic to propanoic acid was significantly (p < 0.05) higher in the foam itself than in layers B, C, or D of foaming and non-foaming storages. This may be significant, as Sakauchi and Hoshino (1981) found that rumen fluid from bloated steers had a higher acetic to propanoic acid ratio than rumen fluid from healthy steers, suggesting some similarities in the mechanisms of foam formation in deep-pit storages and bloat in feedlot cattle.
The BMP assay provided an estimate of the potential methane production that a material could generate under ideal digestion conditions. Previous research by Moody et al. (2011) suggested that swine manure slurry collected from a deep-pit has a methane production potential of 132 mL CH 4 g -1 VS. On average, we found that the methane production potential of foaming manures (130 ±6 mL CH 4 g -1 VS, mean ±SEM) was significantly lower (p < 0.01) than that of non-foaming manures (160 ±7 mL CH 4 g -1 VS). The difference in BMP between the foaming and non-foaming manures was attributed to the differences in their VFA concentrations, which were higher in non-foaming manures. To test this, the BMP (in mL CH 4 mL -1 manure) was regressed against the volatile solids and VFA concentration in the manure. These two variables were able to describe 39% of the variation in the measured BMP and indicated that the BMP increased by 0.235 g CH 4 g equal methane production from all layers from the sludge to the surface. These results provide a contrast to the BMP of the samples. Taken together, the results of the BMP, MPR, and SCFA tests suggest that foaming deep-pits serve as more effective anaerobic digesters than non-foaming deep-pits. This may mean that foaming samples have a more developed microbial community that can more quickly convert consumable substrate into methane. Moreover, when converted to methane flux (as described by Andersen et al., 2015) , there was a significantly (p < 0.01) higher flux of methane through the foaming manure, which we suggest is performing similar to a dissolved air flotation system and causing entrainment of fine solids in the bubbles and accumulation of fine solid particles at the surface of the foaming manures.
Surface tension testing showed that non-foaming manures had significantly lower (p < 0.05) surface tension (0.0495 ±0.0006 N m , and the surface tension of human urine is 0.059 N m -1 (Mills et al., 1988) . The surface tensions of 1%, 5%, and 10% acetic acid-water solutions at 30°C are 0.068, 0.060, and 0.055 N m -1 , respectively (Lange and Dean, 1967) . All measured surface tension values were significantly lower than that of pure water and tended to be slightly lower than those reported for human urine and acetic acid-water solutions. However, similar to these previously reported results, we found that surface tension was negatively correlated (p < 0.01) to SCFA concentration. When the SCFA concentration was included in the analysis as a covariant, no differences between the surface tensions of foaming and non-foaming manures were found, but layer B still had lower surface tension than layers C and D. This result provides a strong link between a physical property (surface tension) and a biologically controlled chemical property (SCFA concentration) and provides a potential link between enhanced methane production and correct surface tension. These data also suggest that lowering the manure's surface tension might be a viable mitigation technique, but only if the surfactant material can resist microbial decomposition over the manure storage period.
For the first three months, foaming capacity and foam stability were measured on all collected samples. In terms of foaming capacity, we found that the interface layer (layer B) had the highest foaming capacity for both foaming and nonfoaming barns. Surprisingly, the foam layer (layer A) did not show enhanced foaming capacity. We hypothesize that this occurred because layer A was usually very solids-enriched, which minimized the ability of the foam to expand in the testing apparatus. Based on this, we chose to evaluate both the foam and layer B samples for foaming capacity and stability. The results showed that samples from layer B showed that foaming manure not only had more foam in the field but also exhibited a larger capacity to generate additional foam ( fig. 7) . This suggests that a physical property is causing the differences in the manure's ability to foam, and based on our previous results, it may be correlated to surface tension and therefore SCFA content. Figure 8 shows the foam half-life of layer B samples, indicating that foaming manure bubbles had half-lives of multiple hours, while non-foaming manure bubbles had halflives of minutes. Additionally, foam samples (layer A from foaming barns) had a drastically increased half-life compared to layer B in this test: 1468 ±18 min and 105 ±16 min for foaming samples from layers A and B, respectively. This disparity reinforces the idea that an important stabilizing agent is accumulating in the foam. One hypothesis is that LCFFAs are serving to stabilize biological foams (Jacobson et al., 2013) . Our results indicate that while LCFFAs accumulated in the foam (380 ±152 μg g 1999), and these data tend to support that LCFFAs may be lowering the surface tension of the surface layer. However, our results do not support that LCFFAs are contributing to the stabilization of the foam because, even though the nonfoaming B layers had high levels of LCFFAs, they did not exhibit high foam stability. Based on our visual observation of the stable foam samples generated during the foam stability testing, it appeared that fine solids were playing a key role in stabilizing the foam. Future work should seek to quantify and characterize these solid particles.
CONCLUSIONS
Several key observations can be made with this study's data collected over a 13-month sampling period:
• Foaming manures exhibited significantly enhanced rates of methane production as compared to non-foaming manures.
• Biochemical methane potential and SCFA concentrations were lower in foaming manures than in nonfoaming manures, indicating that the microbial consortium in foaming barns is acting as a more efficient anaerobic digester.
• The foam was substantially enriched with solid particles as compared to the manure slurry, and these solids appeared to stabilize the foam bubbles.
• The surface tension was higher in foaming manures than in non-foaming manures, presumably due to lower concentrations of SCFAs that act as surfactants.
• Although SCFA concentrations explained the difference in surface tension between foaming and nonfoaming manures, lower surface tension in the surface layers could not be explained by this factor.
• Foaming capacity and stability testing indicated that while foaming manures had greater capacity than nonfoaming manures to form bubbles, the major difference was in the stability of the foam, with foams generated from foaming manures lasting hours to days instead of minutes. 
